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Abstract

areas of Benin city, Nigeria.

cially during rainfalls in Benin city.

Background: Boreholes are principal sources of drinking water in Benin city. This water can become contaminated by runoffs,
especially during the rainy season, resulting in outbreaks of waterborne diseases.
Objectives: This study aimed at assessing the microbiological and physicochemical qualities of borehole water from four crowded

Methods: The Total Coliform Count (TCC) and antibiotic susceptibility test of the bacterial isolates were assessed using standard
microbiological methods. The colour, turbidity, pH, total dissolved solid (TDS), nitrate, iron, chromium, copper, and fluoride of the
samples were compared with national and international standards for drinking water.

Results: Most physicochemical parameters were within acceptable limits. The mean TCC values of all the samples were higher
when compared to standards. The isolated bacteria were Pseudomonas aeruginosa (38%), Escherichia coli (32.3%), Staphylococcus aureus
(20%), Klebsiella pneumoniae (4.2%), and Enterococcus sp. (5.5%). Isolates were sensitive to amoxicillin + clavulanic acid, yet showed
high resistance to ampicillin and low resistance to ceftriaxone; the predominant pattern of resistance was DOCRAMPR.
Conclusions: Despite the fact that the physicochemical parameters were within acceptable limits when compared to the standards,
the water sources still pose health risks. Consequently, constant microbiological monitoring of borehole water is necessary, espe-
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1. Background

Management and provision of good quality drinking
water contributes to reducing diseases and water borne in-
fections in developing countries (1). Replenishable clean
water sources in Nigeria are estimated at 319 billion cu-
bic metres, with groundwater estimated at 52 billion cu-
bic metres (2). Despite various strategies provided by the
government to improve access to potable clean water in
Nigeria, approximately 58% of urban and 39% of rural set-
tings have access to clean and potable drinking water due
to the rapidly growing population (3, 4). Borehole water
therefore, remains an unavoidable source of potable wa-
ter in Nigeria. However, contamination of ground water
remains a global public health threat and related health
consequences as well as chemical intoxication cannot be
underestimated (5, 6). In fact, faecal contamination, do-
mestic waste water, livestock manure, refuse dumps, and

chemical pollution have been reported as sources of bore-
hole and underground water contamination (7-9). Con-
taminated potable drinking water has severe health impli-
cations on humans, including diseases of the gastrointesti-
nal tract and bacteraemia (10). Moreover, clean potable
drinking water contaminated with toxic chemicals can
cause acute and chronic health effects (11, 12).

2. Objectives

Potable drinking water should be free of met-
als/microbial contamination (13). This study therefore,
aimed at assessing the overall physicochemical and bacte-
riological quality of potable water from selected boreholes
in four crowded areas of Benin city during rainfalls. The
results were compared with local and international
guidelines, including National Agency for Food and Drug
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Administration and Control (NAFDAC), World Health
Organization (WHO), and Nigeria Standard of Drinking
Water Quality (NSDWQ).

3. Methods

3.1. Study Site/Sampling Design

The study was conducted in Benin city, which is the cap-
ital city of Edo State, Nigeria, with an estimated population
0f 1495800 (4). Four major areas of Benin city namely Ug-
bowo, New Benin, Ikpoba hill, and GRA (Figure 1) were se-
lected based on the availability and use of borehole water.
A total of 24 borehole water samples (six samples per site)
were collected from randomly selected households in four
sites. In addition, two tap water samples were collected
from GRA as it was the only area of Benin city with available
tap water during the sampling period.

3.2. Sample Collection

Water samples were collected aseptically in 500-mL
sterile Duran Schott bottles (Merck SA) and transported in
ice cooler boxes to the laboratory for analysis, as described
in a previous protocol (14). Samples were collected from
each site, taking in consideration the water status (three
treated water samples versus three untreated water sam-
ples) and the tank type (three samples from plastic storage
tanks versus three samples from metallic storage tanks).

3.3. Physico-Chemical Analysis of the Water Samples

The water samples were analysed for colour, tem-
perature, turbidity, pH, total dissolved solid (TDS), iron,
chromium, nitrate, copper, and fluoride. The pH was deter-
mined using a pH meter (Model 3004081, Denver Instru-
ments Company, Bohemia, USA). A thermometer was used
torecord the temperature while the turbidity of the water
was determined using a portable turbidity meter (TB200-
IR-10). A UV spectrophotometer (V-1600) was used to esti-
mate the nitrate concentration while an atomic - absorp-
tion spectrophotometer (AAS, Unicom 969) was used to de-
termine chromium, copper, and fluoride concentrations.
Iron concentration was determined using Aquachek® Iron
test strips (Hach, USA).

3.4. Microbiological Analysis of the Water Samples

The Total Coliform Count (TCC) was performed using
the membrane filtration technique (15). Overall, 50 mL
of each water sample was filtered through 0.45-um filter
papers and the filters were placed on nutrient, mFC, and
mENDO agar plates that were incubated at 37 °C for 24
to 48 hours. Blue and metallic sheen colonies from mFC
and mENDO plates were purified and identified while the

colonies from nutrient agar plates were purified and sub-
cultured on MacConkey agar, blood agar, mannitol salt
agar, cetrimide agar, and bile esculin agar plates, which
were incubated aerobically at 37 °C, respectively, for 24 to
48 hours. Pure colonies were isolated and screened by
gram staining and morphological/biochemical methods
(16-18).

The antibiotic susceptibility test was performed for
all the isolates through the disc diffusion method, as de-
scribed by Jorgenson et al. (19). The antibiotic discs used
included tetracycline (TET-30 pug), doxycycline (DOC-30
ng), ampicillin (AMP-10 pg), ceftriaxone (CEF-30 ug), cotri-
moxazole (COT-25 ug), ciprofloxacin (CIP-30 ug), chloram-
phenicol (CHL-30 ug), vancomycin (VAN-30 ug), gentam-
icin (GEN-10 pg), and amoxicillin + clavulanic acid (AMC-30
1g) (Liofilchem, Italy).

3.5. Data Analysis

The proportion, mean and standard deviations were
used to describe the contamination of the water samples.
The data were compared with the WHO, NAFDAC and NS-
DWQ standards for drinking water. The paired ¢ - test was
used to determine if there is any significant difference at P
< 0.05 between the mean TCC values of treated water and
untreated water samples and between the mean TCC val-
ues of water samples from metallic tanks and that of plas-
tic tanks. The statistical T values were calculated and com-
pared with the critical T values. Stata 12 (StataCorp 4905
Lakeway Drive Clege Station, Texas 77845 US) was used to
analyse and describe the data.

4. Results

4.1. Physico-Chemical Analysis

Table 1 shows the standard values of the physicochem-
ical properties of clean potable water according to WHO,
NAFDAC and NSDWQ as well as the means and standard de-
viations of the study water samples. Generally, most of the
physicochemical parameters of the borehole water sam-
ples were within the recommended national and interna-
tional standards, according to NAFDAC, NSDWQ, and WHO.
There were traces of nitrate in the borehole water samples,
justifying the nitrate values that were out of the standard
limits. The mean pH value (6.84 £ 0.52) was within the
recommended ranges of clean potable drinking water as
shown in Table 1. The tap water sources had undetectable
traces of nitrate. However, the turbidity, TDS, iron, copper,
fluoride, chromium, and colour of the water samples were
within acceptable limits when compared to the standards
as shown in Table 1.
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Figure 1. Map of the Area of Study with the Sampling Points
Table 1. Physico-Chemical Properties of Potable Water in Benin City Compared to WHO NAFDAC and NSDWQ Standards
Parameters WHO NAFDAC NSDWQ Sites
Highest Maximum Ugbowo New GRA Ikpoba Tap Water Mean =+ SD
Desirable Permissible Benin Hill (GRA)
Level Level
Temperature - 40 - ambient 273 28.1 27.8 27.8 275 277103
(°Q)
Colour (TCU) 6 - 15 15 - - - - 0
Turbidity 5 25 - 5 0.80 0.83 0.79 0.82 0.76 0.8+ 0.03
(NTU)
PH 7.0-8.5 6.5-9.2 6.5-8.5 6.5-8.5 6 6.7 73 7.2 7 6.84 & 0.52
Total 500 1500 500 500 404 335 319 313 247 323.6 = 56.1
Dissolved
Solid (TDS)
Nitrate (mg/L) - 50 - 0.2 3.6 4.4 0 1 0 1.8 +2.07
Iron (mgjL) - - - 03 0 0 (o] (4] 0 0
Chromium - - - 0.06 0 0 (] (0] 0 0
(mg|L)
Copper (mg|/L) - - - 1 0 0 0 0 0 0
Fluoride = = = 1.5 (0] 0 (0] (0] (0] 0
(mg/L)

Abbreviations: NAFDAC, national agency for food and drug administration and control (9); NSDWQ, Nigeria standard of drinking water quality (9); WHO, world health

organisation (1).

4.2. Microbiological Analysis

The mean TCC of all borehole water samples were
above acceptable standards for drinking water. However,
that of tap water samples were within acceptable limits
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calculated Tvalue was smaller than the critical T value (cal-
culated T = 0.14; critical T = 3.18). Moreover, as described
in Table 2, the mean TCC of borehole water from metallic
tanks was higher than that from plastic tanks yet there was
no significant difference (P> 0.05) between the TCC value
of metallic tank water and that of plastic tank water sam-
ples (calculated T = 0.32; critical T=3.18).

The distribution of bacterial isolates in different water
samples is described in Table 3. Out of 217 presumptive iso-
lates, 164 bacterial isolates were identified. The most pre-
dominant isolates were Pseudomonas aeruginosa (62, 38%)
followed by Escherichia coli (53, 32.3%) and Staphylococcus
aureus (33, 20%), meanwhile Klebsiella pneumonia (7, 4.2%)
and Enterococcus sp. (9, 5.5%) were the least common bac-
teria isolated. Treated water had lower microbial load and
better qualities when compared to untreated borehole wa-
ter. The study showed a significant difference (P < 0.05)
between treated and untreated water (Table 3). Escherichia
coli in drinking - water indicates faecal contamination and
poor water treatment. Furthermore, E. coli, S. aureus, and P.
aeruginosa were the most encountered pathogens isolated
(Table 3). Samples from the tap water systems of the water
board were the only samples in this study with low bacte-
rial pathogens (Table 3).

4.3. Antibiotic Susceptibility Testing

The results of the antimicrobial susceptibility test are
presented in Figure 2. The majority of the bacterial isolates
were resistant to doxycycline and ampicillin while no re-
sistance was observed against amoxicillin - clavulanic acid
(Figure 2). High resistance to at least five of the antibi-
otics was also observed among P. aeruginosa isolates while
all E. coli isolates were resistant to ampicillin, ceftriaxone,
cotrimoxazole, and chloramphenicol. Moreover, most S.
aureus isolates showed low resistance to tetracycline and
ciprofloxacin while Enterococcus sp. isolates showed the
highest resistance to vancomycin.

The antimicrobial resistance patterns of the isolates
were determined. Two major resistance patterns were ob-
served among the isolates and the most predominant pat-
tern was DOCRAMPR (100%), while the least common pat-
tern was AMPRVANRGENR (55%).

5. Discussion

5.1. Physico-Chemical Analysis

Ground water can be acidic or alkaline depending on
many factors. Rainfalls are usually acidic because rain
drops react with atmospheric CO,, generating acidic rain-
water that percolates through organic decaying material

to underground water. The pH characterization is impor-
tant because biological activities can only thrive and sur-
vive within narrow pH ranges (20-23). If the soil is not rich
in limestone or dolomite, the ground water will remain
acidic with pH values between six and seven (23), and this
might provide an explanation for the observations in this
study.

Moreover, the presence of nitrates can be a source
of concern because consumption of water with high ni-
trate concentrations can cause blood disorders (known as
methemoglobinemia) as well as cancer in humans (22).
These traces of nitrate could result from the close prox-
imity of animal shelters and sewage disposal systems to
boreholes, as it infiltrates in underground water after rain-
falls. In fact, the oxidation of ammonia from animal
and human wastes to nitrite has been proven to contami-
nate groundwater aquifer (24). Palamuleni and Akoth (22)
also reported contamination of underground water by ni-
trate compounds from animal shelters in Mafikeng, South
Africa.

In the present study, the physico - chemical proper-
ties of borehole water in Benin city were within acceptable
limits. Similar reports were made by Mgbemena and Ok-
wunodulu (2) in Abbia State (Nigeria), where the physico
- chemical parameters of borehole water were within ac-
ceptable limits, as indicated by WHO standards.

5.2. Microbiological Analysis

Results of the present study showed that the mean TCC
of all borehole water samples were above acceptable stan-
dards for drinking water (> 0.1 X 10%). Proximity of some
borehole water systems to waste water management sys-
tems may account for the high TCC values observed in this
study. This is similar to previous findings by Palamuleni
and Akoth (22), and Ugbaja and Otokunefor (7), who iso-
lated coliforms from potable borehole water systems lo-
cated near waste water sewage systems. Similar cases of
microbial contamination of borehole water have been re-
ported in Nigeria (9,10, 13) and Cameroon (6).

Moreover, the mean TCC of untreated borehole water
was higher than that of treated borehole water, although
this difference was not statistically significant. It is obvi-
ous that during treatment, most microorganisms are de-
stroyed or removed to make the water potable (25). How-
ever, the high mean TCC (113 X 10?) for treated water ob-
served in the present study is a serious public health con-
cern. The presence of coliforms in treated borehole water
samples may result from post-treatment contamination
along the distribution line since this investigation was car-
ried out during the rainy season. Benin city is a crowded
town (population of 1495800) and is always flood - prone
during rainy seasons (26) because of its poor/inefficient
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Table 2. Total Coliform Count of the Water Samples per Location, Tank Type and Water Status

Shiraz E-Med ]. 2018; 19(11):e68911.

TCC (CFU[100 mL)
Water Board Tap,
Parameters Water Status® Tank Type® Standards (CFU/100 mL) (CFUjt00 mL)p
Treated Water ~ Untreated Water  PlasticTanks  Metallic Tanks
Location
Ugbowo 027 X 10° 3.5 X 10° 0.21 X 10° 0.25 X 10°
New Benin 0.41 X 10 59 X 10° 03 x 10 41X 10°
GRA 036 X 10* 52 X 10* 0.16 X 10 036 X 10*
Ikpoba hill 3.5 X 10° 6.8 X 10° 12 x 10° 32 X 10°
0.09 X 10*
Mean values 113 X 10% 18.6 X 10° 0.47 X 10* 9.18 X 10°
Calculated T values 0.14 032
WHO <01 % 10°
NSDWQ <01 x10°
Critical T Value 3.18
Abbreviations: TCC, total coliform count; CFU, colony-forming unit.
P> 0.05 (not significant).
Table 3. Distribution of Bacterial Isolates Based on Location, Water Status and Tank Type in Benin City
Isolates Location Water Status Tank Typeb
Ugbowo New Ikpoba GRA Total Treated  Untreated Total Plastic Metallic Total
Benin Hill Iso- Water Water Iso- Tank Tank Iso
lates lates lates
Borehole Tap
Escherichia coli 10 13 22 7 1 53 23 30 53 21 32 53
(32.3%) (32.3%) (32.3%)
Staphylococcus 6 9 16 2 (0] 33 12 21 33 16 17 33
aureus (20%) (20%) (20%)
Klebsiela 7 [¢] 0 (0] 0 7 2 5 7 3 4 7
pneumoniae (4.2%) (4.2%) (4.2%)
Pseudomonas 12 27 14 5 4 62 28 34 62 47 15 62
aeruginosa (38%) (38%) (38%)
Enterococcus sp. 0 5 4 0 0 9 3 6 9 2 7 9
(5.5%) (5.5%) (5.5%)
Total 35 54 56 14 5(3%) 164 68 105 (58.5%) 164 89 75 (46%) 164
(21.4%) (33%) (34%) (8.6%) (41.5%) (54%)
4P < 0.05 (significant).
bp> 0.05 (not significant).
Table 4. Resistance Patterns of the Isolates waste water drainage system. Moreover, New Benin and
Isolates Resistance Patterns Percentage Ikpoba hill are the main commercial areas of Benin city
with poor sewage/slumps and waste water disposal sys-
E. coli AMPRCEFRCOTRCHLR 85 R . . X
tems; this might affect the water quality, specifically at
$- aureus : : these two sites. For example, studies have shown that
K. pneumoniae DOCRAMPR 100 poor sewage/slumps and waste water disposal in highly
P. aeruginosa DOCRAMPR 76 dense commercial areas, especially during flooding, en-
Enterococcus sp. AMPRVANRGENR 55 hances coliforms and other bacteria to percolate and be

distributed in borehole water systems (2, 26).

The presence of ferric oxide as a result of rusting can
increase bacterial cultivability, especially in anaerobic con-
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Figure 2. Percentage of Resistance of Bacterial Isolates Against the Antimicrobial Agents

ditions (27). Iron corrosion products have been reported
to promote bacterial activity in water systems, thereby
favouring the increase of both suspended microorganisms
and biofilm - associated bacteria (27-30) as well as coliforms
(31-33). This might explain the relatively higher mean TCC
value (9.18 x 10* CFU[100 mL) observed in the metallic
tank water samples compared with that of plastic tanks; al-
though the state of the metallic tanks was not assessed in
the present study.

The most predominant bacteria isolated from bore-
hole water in this study were Pseudomonas aeruginosa (62,
38%) and Escherichia coli (53, 32.3%); P. aeruginosa is an im-
portant opportunistic biofilm - forming pathogen associ-
ated with contaminated domestic plumbing systems (34-
36). This explains the presence of P. aeruginosa in bore-
hole water samples. Escherichia coli is an indicator of
faecal contamination; runoffs of sewage and waste wa-
ter resulting from floods after heavy rainfalls contaminate
underground water with faecal material (25). Although
no biofilm production assay was carried out on the iso-
lates, the protection that biofilms confer to microorgan-
isms against disinfectants, may explain the presence of col-
iforms and other isolates in water samples from boreholes
that had been treated (33, 36). Samples from tap water sys-
tems displayed low bacterial pathogens (Table 3). This may
result from regular microbial and physico - chemical mon-
itoring carried out by the water - board authorities.

Results of the antimicrobial susceptibility test revealed
that doxycycline and ampicillin encountered the highest
resistance among bacteria isolated from samples while no

resistance was observed against amoxicillin - clavulanic
acid. The combination of amoxicillin and clavulanic acid
results in a medicine with a larger spectrum of activity,
which makes it effective against bacteria that are resis-
tant to S-lactams (37, 38). The detection of Antimicrobial
Resistant (AMR) bacteria in borehole water has been re-
ported in South Africa (8, 39), Cameroon (40), and Den-
mark (34). In one such study, Ateba et al. reported the pres-
ence of isolates that were resistant to chloramphenicol,
vancomycin, oxytetracycline, amoxicillin, erythromycin,
and sulfamethoxazole (8). The presence of AMR bacteria
in borehole water has been attributed to the indiscrim-
inate use of antibiotics, especially in animal husbandry,
coupled with human practices, such as improper sanita-
tion and discharge of human wastes in the environment(8,
41). These result in the creation of ecological niches, which
serve as pools of resistance, to which bacteria can pick up
antimicrobial resistance genes (41).

Meanwhile, most of the bacterial isolates in this study
showed multidrug resistance to at least six antibiotics. The
most predominant resistant pattern was DOCRAMPR. Mul-
tidrug resistance among members of the enterobacteri-
aceae family is common (42). Resistance to tetracyclines
arose worldwide as a consequence of its extensive usage
as a broad spectrum antibiotic and an anti-parasitic drug
(43). Over time, gram positive and gram negative isolates
acquired resistance attributes to tetracycline through two
main mechanisms, tetracycline efflux and ribosomal pro-
tection (42).

Resistance to vancomycin was also recorded among
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some isolates in this survey. Vancomycin resistance in S.
aureus and Enterococcus sp. is a serious public health con-
cern especially as this drug is reserved for the treatment of
severe systemic infections. Vancomycin has been used as
a first choice drug for the treatment of enterococcal infec-
tions until Vancomycin Resistant Enterococci (VRE) arose.
Resistance of Enterococcus was associated with the misuse
of avoparcin (an analogue of vancomycin, which is used as
a growth promoter) in intensive animal rearing and mis-
use of vancomycin in hospital settings (44, 45). Moreover,
the use of glycopeptides in the management of commu-
nity - acquired infections has led to the widespread of van-
comycin resistant isolates in the environment (45). These
studies provide an explanation of the findings.

5.1. Conclusion

Although the physico - chemical parameters of bore-
hole water samples were within acceptable limits, the ma-
jority of the water samples were contaminated with col-
iforms and potential bacterial pathogens, amongst which
were resistant strains. This study therefore highlights the
need for continuous monitoring and quality assessment of
borehole water purification processes to enhance the elim-
ination of AMR bacteria.
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